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Bottom-Water Temperature Trends in the Middle 
Atlantic Bight During Spring and Autumn, 1964-76 


CLARENCE W. DAVIS’ 


ABSTRACT 


Annual variations of bottom-water temperatures on the continental shelf between Cape Cod and 
Cape Hatteras were examined for the spring and autumn from 1964 to 1976. Temperatures generally 
were highest since 1972 during both seasons. For waters between Cape Cod and Hudson Canyon, 
maximum temperatures occurred in the spring of 1976 (8.3°C) and autumn of 1972 (12.8°); between 
Cape Hatteras and Hudson Canyon, temperatures peaked in the spring of 1974 (9.0°C) and the autumn 
of 1972 (15.7°C). Minimum temperatures were in the spring of 1970 (5.1°C) and autumn of 1967 (9.7°C) 
and in the spring (4.6°C) and autumn (12.1°C) of 1970 in the respective areas. 

Some factors that affect bottom-water temperatures, the relationship of the observed tempera- 
ture variations to temperature fluctuations in other areas of the northwest Atlantic, and the effects of 
temperature changes on the distribution of several fish species are briefly discussed. 


INTRODUCTION 


The purpose of this study was to examine bottom- 
water temperature data collected since 1964 in the area 
between Cape Cod, Mass., and Cape Hatteras, N.C., to 
reveal annual variations and any possible warming or 
cooling trends that may have occurred. Since bottom- 
water temperatures are less affected by localized and 
short-term atmospheric phenomena than sea-surface 
temperatures, they can be linked with the sources of the 
subsurface water (and thus the direct cause of temper- 
ature variations) during warming and cooling periods 
(Colton 1968). Recent papers by Bowman and Wunder- 
lich (1977) and Wright (1976) and the classic works of 
Bigelow (1933) and Bigelow and Sears (1935) provide 
background information to separate water masses and 
to establish the boundary between shelf water and slope 
water in the area discussed in this paper. The shelf- 
slope water boundary is usually in close proximity to the 
100 m isobath in all seasons and can be represented by 
the 10°C isotherm (Wright 1976); these criteria will be 
used in part to define the causes of observed tempera- 
ture changes since 1964. A paper by Colton and Stod- 
dard (1973) based on 1940-66 mean temperatures can be 
used for comparing annual and long-term mean tem- 
perature conditions. 

Changes in physical and chemical properties of the 
oceans, including temperature, can directly or indi- 
rectly affect fish and shellfish in numerous ways, but 
generally, there is a noticeable lack of ecological under- 
standing of temperature effects (Brett 1969). Beltz et al. 
(1974) observed that over 7,000 papers have presented 
evidence of biothermal relationships, but compara- 
tively few of these involved bottom-water temperatures 
in the marine environment. Probably the best single ref- 


‘Northeast Fisheries Center Woods Hole Laboratory, National Marine 
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erence on the effects of the thermal environment on 
marine fisheries are the contributions to a symposium 
held in Rome in 1964 by the International Commission 
for the Northwest Atlantic Fisheries (1965). Collectively 
these papers emphasize the need for basic ecological 
knowledge essential for an adequate understanding of 
events in the life history of fishes. The use of long-term 
temperature data may be helpful, either by itself or as a 
contributing factor in quantitative models, in gaining 
this understanding. 

Because potential users of the following data may re- 
quire actual temperature values instead of graphical 
data, certain of the figures and tables involve some re- 
dundancy of my analyses. The additional information is 
considered justified if it will encourage others to ex- 
amine and use the presented data. 


DATA AND METHODS 


The data were collected during the period 1964-76 on 
surveys designed and conducted by the National 
Marine Fisheries Service, Woods Hole, Mass., (Gross- 
lein 1969) to determine the distribution and relative 
abundance of groundfish at randomly selected stations, 
from Cape Hatteras to Cape Cod (Fig. 1). Approxi- 
mately 125 bottom-water temperatures were obtained 
during each cruise, mostly at depths between 30 and 200 
m, with either mechanical or expendable bathythermo- 
graphs, the latter being used after 1969. 

For analytical purposes, this area, known as the 
“Middle Atlantic Bight” (Bigelow 1933), was divided 
into subareas: Cape Cod to Hudson Canyon, termed the 
Northern Bight; and Hudson Canyon to Cape Hatteras, 
termed the Southern Bight. There was no sampling 
south of Hudson Canyon prior to the autumn of 1967 
and spring cruises did not commence until 1968. 

Methods and rationale for analysis are fully de- 


b scribed by Davis (1978). Briefly, the indices derived for 
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Figure 1.—Middle Atlantic Bight boundaries used in analysis of bottom-water temperature data. (Dots represent typical distribution of ran- 
domly selected bottom temperature stations.) 


each cruise are based on the percentage of survey area 
represented by 2°C temperature contour intervals or 
temperature class intervals (TCI’s) (Figs. 2, 3). The 
midpoint temperature of each TCI was multiplied by 
the percentage area within that TCI and their total 
product was divided by 100 to obtain a mean index for 
each cruise (Tables 1-4). The derived indices are based 
solely on an areal basis, but the stratified random 
sampling design allowed representative sampling by 
depth and geographic areas during each cruise. Since no 
attempt was made to determine absolute temperature 
indices, and the same geographic areas were randomly 
sampled during each cruise, the method chosen for 
determining relative temperature variations seems 
justified. A more precise estimate of relative bottom 
temperatures and elimination of possible bias associ- 
ated with depth may have been analyzed. However, 
analytical data was not adequate for all the cruises and 
my major objective was to determine general tempera- 
ture indices for rather large geographical areas during 
the entire seasonal time-series of data collection. 

In order to determine year-to-year variation, the 
observed indices were adjusted by basing individual in- 
dices on a time-series mean sampling or reference date 
for each season (Table 5). Based on charts from Colton 
and Stoddard (1973) these seasonal reference dates 
closely approximate the timing of the annual minimum 
and maximum bottom-water temperature conditions 
expected in both subareas. Plots of annual bottom-water 
temperature cycles based on average temperature data 
by 10-day intervals at Nantucket Shoals and Five 
Fathom Bank Lightships during 1956-70 from Chase 
(1972) were used to calculate adjusted temperature 
values for the Northern Bight and the Southern Bight, 
respectively. The mean temperatures observed on each 


cruise were adjusted by adding or subtracting the dif- 
ference in the mean temperatures at the appropriate 
lightship on the seasonal reference date and on the mid- 
date of each cruise. The magnitudes of the adjustments 
were usually +0.2°C for the Northern Bight and +0.5°C 
for the Southern Bight, but differences as great as 2.8°C 
were noted in 1970 when three cruise mid-sampling 
dates were approximately 1 mo earlier or later than 
their respective seasonal reference dates (Tables 5, 6, 8; 
Figs. 4, 7, 8). These large differences between observed 
and adjusted data clearly indicated the need for the 
adjustments in order to make meaningful comparisons 
of annual temperature variations. Since a compre- 
hensive analysis of climatological and/or hydrographi- 
cal conditions which might have revealed the factors re- 
sponsible for the large differences between observed and 
adjusted data was beyond the scope of my investi- 
gation, these differences are attributed to the asynoptic 
seasonal sampling in certain years, e.g., 1970 (Table 5). 
The observed indices may be considered in situ 
measurements of the thermal environment and are 
particularly relevant to synoptic biological observa- 
tions. The primary objective of the adjusted indices is to 
measure the relative annual variations that have occur- 
red during each spring and autumn in order to reveal 
any warming or cooling trends that may have occurred. 
Species distribution charts and catches by numbers 
and pounds landed per 2 h tow observed during the 
same research cruises that temperature data were 
collected since 1967 were examined to determine any 
possible effects of the observed temperature changes. 
Examples of several of these relationships are briefly de- 
scribed in the Discussion section. Further analyses of 
these observations are currently being conducted by 
other members of the Woods Hole Laboratory staff. 
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Figure 2.—Continued. 


TEMPERATURE OBSERVATIONS 


Northern Middle Atlantic Bight 


Spring 1968-76.—The Northern Bight spring temper- 
atures are represented in Figure 4 and Table 6 which 
show both the year-to-year variations and the 9-yr 
means. The lowest and highest adjusted temperatures 
were 5.1°C in 1970 and 8.3°C in 1976 and the series clear- 
ly illustrates a warming trend since 1970. The observed 
temperatures coincide closely with the adjusted values in 
all years except 1970 and 1974 (when the cruises were 20- 
30 days later than usual) but generally show the same 


trends. The adjusted time-series mean of 6.7°C was only 
0.2°C less than the mean of the observed conditions. 
Both adjusted and observed temperatures were below 
average prior to 1972 and above average for 1972. The 
spring anomalies are summarized in Figure 5 and 
Table 7. 

The frequency distribution of TCI’s in years with sim- 
ilar observed indices shows an inconsistency in their rela- 
tive percentages (Table 1). The TCI percentages were 
quite similar in the cold years of 1969 (6.0°C) and 1971 
(5.9°C) but quite different, especially the 6°-8°C TCI, in 
the warm years of 1974 (8.1°C) and 1976 (8.2°C). On the 
average, slope water, identified here as >10°C, accounts 
for 20% of the total bottom thermal environment. On the 
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Figure 3.—Continued. 


Table 1.—Percentages of temperature class intervals (TCI’s) in 
the northern Middle Atlantic Bight during spring 1968-76. 


TCI Observed 

0°- oman oe o-wn leap 102 12° 9 Mindex 
Year 2°C 4° CeGc Ce 8oCunlocCe2cC in 1426 (°C) 
1968 3 43 16 12 8 18 0 5.7 
1969 0 21 14 15 14 0 6.0 
1970 0 5 68 7 11 8 2 6.2 
1971 0 39 21 4 10 14 2 5.9 
1972 0 12 37 21 10 12 8 6.9 
1973 0 1l 34 16 11 15 12 7.3 
1974 0 0 19 43 11 19 8 8.1 
1975 0 4 29 30 15 22 0 7.4 
1976 0 2 26 20 21 24 7 8.2 
Mean <1 17 30 20 12 16 4 6.9 


Table 2.—Percentages of temperature class intervals (TCI’s) in 
the northern Middle Atlantic Bight during autumn 1964-76. 


TCI Observed 

Gries e025 12°21 403 16°2 9) “index 
Year BeCmlLOcC 1 22C. 14°C) 162Cs 188C (°C) 
1964 1 40 44 12 3 0 10.5 
1965 0 33 53 14 0 0 10.6 
1966 0 1 67 32 0 0 11.6 
1967 12 45 39 4 0 0 9.7 
1968 0 34 30 25 11 0 11.3 
1969 0 7 45 32 16 0 12.1 
1970 2 27 44 26 1 0 10.9 
1971 11 11 38 32 8 0 11.3 
1972 0 7 28 44 21 0 12.6 
1973 1 4 33 47 15 0 12.4 
1974 0 5 36 44 15 0 12.4 
1975 1 2 57 34 3 2 11.7 
1976 0 10 32 35 23 1 12.6 
Mean 2 17 42 29 9 <1 11.5 


other extreme, water <4°C averaged about 17% of the 
area but its high variability (0-46%) probably influences 
mean conditions as much as the more steady (10-31%) 
encroachment of slope water onto the continental shelf. 
The highest annual percentages of water >10°C (1976) 
and >4°C (1968) resulted in the warmest and coldest in- 
dices, respectively. 


Table 3.—Percentages of temperature class intervals (TCI’s) in 
the southern Middle Atlantic Bight during spring 1968-76. 


TCI Observed 
2°- 4°- 62-7 Bo-sea108-) 1 2e-14c° index 
Yearo) 42Ci 6SC282C) 10°C M122 si4cC Ra 62C (°C) 


1968 21 30 24 20 5 0 0 6.2 
1969 27 37 12 10 14 0 0 5.9 
1970 0 24 52 11 8 5 0 7.4 
1971 2 38 31 21 5 iL 1 6.9 
1972 0 14 25 35 23 3 0 8.5 
1973 0 17 45 21 15 2 0 7.8 
1974 0 3 21 23 36 17 0 9.9 
1975 0 24 25 29 16 6 0 8.1 
1976 0 8 33 25 29 5 0 8.8 
Mean 6 22 30 22 17 4 <1 7.7 


Autumn 1964-76.—Bottom temperatures during the 
autumn in the Northern Bight fluctuated quite 
dramatically between years since 1964 (Fig. 6, Table 6). 
Except for a decline in 1975, a warming trend is indi- 
cated with maximum adjusted temperatures of 12.6°- 
12.8°C occurring since 1972. Most dramatic changes in the 
adjusted indices are the decrease from 12.5°C in 1966 toa 
minimum of 9.7°C in 1967 followed by an increase to 
11.2°C in 1968. Adjusted and observed temperatures 
exhibited nearly the same annual variations which 
resulted in nearly identical 13-yr means of 11.6°C and 
11.7°C, respectively. The autumn anomalies are shown 
in Figure 5 and Table 7. 

In most cases, years of the same or closely similar 
observed temperatures had similar TCI percentages 
(Table 2). The coldest year (1967) had no water >14°C 
and all years (1969, 1972, 1973, 1974, 1976) that had in- 
dices >12°C had only 1% or less of water <8°C and only 
10% or less of water <10°C. The 10°-12°C TCI usually 
dominated in all years and averaged 42% of the total bot- 
tom area during the time series. 


Southern Middle Atlantic Bight 
Spring 1968-76.—Adjusted bottom-water tempera- 


tures in the spring in the Southern Bight are character- 
ized by large annual variations and a general warming 


Table 4.—Percentages of temperature class intervals (TCI’s) in the southern Middle Atlantic Bight during autumn 1967-76. 


Observed 

TCI index 
Year 4°-6°C 6°-8°C —8°-10°C_—-10°-12°C_12°-14°C 14°-16°C  16°-18°C 18°-20°C 20°-22°C 22°-24°C (°C) 
1967 0 0 27 29 12 12 16 4 0 0 12.5 
1968 0 14 22 18 10 9 8 19 0 0 12.6 
1969 0 0 7 21 14 rt 18 33 0 0 15.1 
1970 6 17 28 21 23 3 1 0 0 0 9.9 
1971 0 13 14 27 13 th 8 7 9 1 12.7 
1972 0 0 9 17 10 8 18 20 16 2 15.9 
1973 0 0 2 25 25 32 8 7 1 0 13.9 
1974 0 0 2 29 30 13 11 6 8 0 13.9 
1975 0 0 5 29 15 26 26 0 0 0 13.9 
1976 0 0 16 25 14 11 12 15 7 0 14.0 
Mean <1 4 13 24 17 13 13 11 4 <1 13.4 


Table 5.—Middates of sampling bottom-water temperature 
data in the Middle Atlantic Bight. Means of sampling dates 
(bottom line) used as the bases for adjusted indices (see text). 


Southern New England Middle Atlantic Bight 
Year Spring Autumn Spring Autumn 
1964 No cruise 26 Oct. No cruise No cruise 
1965 No cruise 11 Nov. No cruise No cruise 
1966 No cruise 10 Nov. No cruise No cruise 
1967 No cruise 24 Oct. No cruise 24 Oct. 
1968 15 Mar. 16 Oct. 10 Mar. 15 Oct. 
1969 11 Mar. 12 Oct. 10 Mar. 13 Oct. 
1970 20 Apr. 20 Oct. 26 Apr. 7 Sept. 
1971 12 Mar. 8 Oct. 4 Apr. 8 Oct. 
1972 26 Mar. 8 Oct. 13 Mar. 2 Oct. 
1973 22 Mar. 7 Oct. 26 Mar. 1 Oct. 
1974 1 Apr. 6 Oct. 18 Mar. 29 Sept. 
1975 6 Mar. 19 Oct. 13 Mar. 29 Oct. 
1976 8 Mar. 11 Oct. 17 Mar. 8 Oct. 
Mean 20 Mar. 18 Oct. 22 Mar. 8 Oct. 


Table 6.—Observed and adjusted mean bottom-water temperatures 
in the northern Middle Atlantic Bight during spring 1968-76 and 
autumn 1964-76. 


X spring temperature (°C) x autumn temperature (°C) 


Year Observed Adjusted Change Observed Adjusted Change 
1964 No cruise 10.5 10.6 +0.1 
1965 No cruise 10.6 11.2 +0.6 
1966 No cruise 11.6 12.5 +0.9 
1967 No cruise 97, 9.7 0 
1968 5.7 5.7 0 11.3 11.2 —0.1 
1969 6.0 6.1 +0.1 12.1 12.3 0 
1970 6.2 5.1 151 10.9 10.8 Ost! 
1971 5.9 6.0 +0.1 11.3 11.6 +0.2 
1972 6.9 6.7 =0:2 12.6 12.8 +0.2 
1973 1.3 thes —O=l 12.4 12.6 +0.2 
1974 8.1 7.7 —0.4 12.4 12.7 +0.3 
1975 7.4 7.5 +0.1 11.7 11.6 Onl} 
1976 8.2 8.3 +0.1 12.6 12.6 0 
Mean 6.9 6.7 +0.2 11.5 11.7 +0.2 
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Figure 4.—Observed and adjusted annual and long-term mean 
bottom-water temperatures in the northern Middle Atlantic Bight 
during spring 1968-76. 


Table 7.—Bottom-water temperature anomalies in the north- 
ern Middle Atlantic Bight during spring 1968-76 and autumn 
1964-76. 


Spring anomalies (°C) Autumn anomalies (°C) 


Year Observed Adjusted Observed Adjusted 
1964 No cruise =il{i) — Tel! 
1965 No cruise —0.9 —0.5 
1966 No cruise +0.1 +0.8 
1967 No cruise —1.8 —2.0 
1968 12 —1.0 —0.2 —0.5 
1969 0.9 0.7 +0.6 +0.6 
1970 —0.7 —1'6 —0.6 =0:9 
1971 —1.0 —0.7 (2, —0.1 
1972 0 0 +1.1 +1.1 
1973 +0.4 +0.5 +0.9 +0.9 
1974 +1.2 +1.0 +0.9 +1.0 
1975 +0.5 +0.8 +0.2 —Osl 
1976 +1.3 +1.6 +1.1 +0.9 
& indices 6.9 6.7 11.5 11.7 
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Figure 5.—Observed and adjusted mean bottom-water temperature 
anomalies in the northern Middle Atlantic Bight during spring 
1968-76 and autumn 1964-76. The ‘‘O”’ base lines are based on the 
seasonal time-series mean temperatures during each season. 
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Figure 6.—Observed and adjusted annual and long-term mean 
bottom-water temperatures in the northern Middle Atlantic Bight 
during autumn 1964-76. 


trend over the data period (Fig. 7, Table 8). The lowest 
and highest adjusted indices were 4.6°C in 1970 and 
10.1°C in 1974 and the 9-yr mean was 7.5°C. Large year- 
to-year differences were also prevalent among the 
observed indices and except for 1970 when the spring 
cruise was nearly a month later than average, the trends 
are similar to the adjusted values. The lowest observed 
index was 5.9°C in 1969 and the highest index was 9.9°C 
in 1974. 

Summarization of the annual spring anomalies (Fig. 8, 
Table 9) shows that all years before 1972 were below and 
the remaining years to 1976 were above the 9-yr average. 

The two coldest years, 1968 and 1969, had no water 
>12°C and relatively large amounts of water <4°C while 
the warm years of 1972-76 had none of this cold water 
and only moderate amounts of this warm water (Table 
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Figure 7.—Observed and adjusted annual and long-term mean 
bottom-water temperatures in the southern Middle Atlantic Bight 
during spring 1968-76. 


Table 8.—Observed and adjusted mean bottom-water temperatures 
in the southern Middle Atlantic Bight during spring 1968-76 and 
autumn 1967-76. 


x spring temperature (°C) * autumn temperature (°C) 
Year Observed Adjusted Change Observed Adjusted Change 


1967 No data 12.5 12.6 +0.1 
1968 6.2 6.7 +0.5 12.6 12.9 +0.3 
1969 5.9 6.4 +0.5 15.1 15.3 +0.2 
1970 7.4 4.6 —2.8 9.9 12.1 +2.2 
1971 6.9 6.1 —0.8 12.7 12.7 0 
1972 8.5 8.9 +0.4 15.9 15.7 —0:2 
1973 7.8 7.6 —0.2 13.9 13.6 —0.3 
1974 9.9 10.1 +0.2 13.9 13.6 —0.3 
1975 8.1 8.5 +0.4 13.9 15.0 +1.1 
1976 8.8 9.0 +0.2 14.0 14.0 0 
Mean st 7.5 13.4 13.8 


3). On the average the TCI distribution did not vary 
much in the 4°-12°C range but was slightly dominated 
by the 6°-8°C TCI. 


Autumn 1967-76.—The observed, adjusted, and 10-yr 
mean bottom-water temperatures are shown in Figure 9 
and illustrate the extreme variations that occurred in the 
Southern Bight during the autumn series. Except for 
1970 and 1975 when the cruises were about 30 days before 
and 20 days after the autumn reference date, the 
observed and adjusted values were relatively equal and 
show the same variability. The largest decreases (5.2°C 
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Figure 8.—Observed and adjusted mean bottom-water temperature 
anomalies in the southern Middle Atlantic Bight during spring 
1968-76 and autumn 1967-76. The ‘‘O”’’ base lines are based on the 
seasonal time-series mean temperatures during each season. 


Table 9.—Bottom-water temperature anomalies in the south- 
ern Middle Atlantic Bight during spring 1968-76 and autumn 
1967-76. 


Spring anomalies (°C) Autumn anomalies (°C) 


Year Observed Adjusted Observed Adjusted 
1967 No data —=(:9 —1.2 
1968 —15 —0.8 —0.8 -0.9 
1969 Sly} — 1 +107 +1.5 
1970 —0.3 —2.9 —3.5 —1.7 
1971 —0.8 —1.4 —0.7 al EE 
1972 +0.8 +1.4 +2.5 +19 
1973 +0.1 +0.1 +0.5 —0.2 
1974 5 ral +2.6 +0.5 —0.2 
1975 +0.4 +1.0 +0.5 +1.2 
1976 Grit eat +1.5 +0.6 +0.2 
x indices 7.7 7.5 13.4 13.8 


for observed and 3.2°C for adjusted) was in 1970, the 
coldest autumn, while the largest increases (3.3°C for 
observed and 3.1°C for adjusted) was in 1972, the warm- 
est autumn. The 10-yr adjusted mean index was 13.8°C 
and the observed mean was 13.4°C. 

Figure 8 and Table 9 also show the autumn anomalies 
which, except for 1969, were negative in the first 5 yr of 
the series and positive or only slightly negative during 
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Figure 9.—Observed and adjusted annual and long-term mean 
bottom-water temperatures in the southern Middle Atlantic Bight 
during autumn 1967-76. 


the last 5 yr. The anomalies are quite similar to the 
spring series and generally reflect a warming trend over 
this latter time period. 

On the average, the 10°-12°C TCI was the largest 
(24%) while the remaining TCI’s between 8° and 20°C 
averaged 11-17% to account for over 90% of the thermal 
bottom layer (Table 4). Although the warm years 1973-76 
had the same or very nearly equal observed tempera- 
tures, only the 10°-12°C TCI was similar in all 4 yr. Dur- 
ing three nearly equally cold years—1967, 1968, and 
1971—the colder and warmer TCTI’s also varied consider- 
ably. One of the colder years (12.7°C in 1971) actually 
had more or equal amounts of water >16°C than two of 
the warmer years (13.9°C in 1973-74) but was regulated 
by a large amount (27%) of water <10°C. 


DISCUSSION 
Causes of Temperature Variations 


Specific identification of water masses is speculative in 
this paper because supportive salinity data were either 
nonexistent or unavailable at the time of this analysis. 
However, other investigations on the relationship of the 
shelf-slope interface allow some general conclusions to be 
made based on temperature data alone, at least for the 
spring observations. Based on the position of the 10°C 
isotherm (Figs. 2, 3), it can be seen that in the spring 
there was a greater encroachment of slope water onto the 


shelf during years of higher temperatures. This increase 
in volume of slope water coincided with a corresponding 
decrease in volume of inshore cold water and subse- 
quently resulted in higher temperature indices for the en- 
tire area. Wright (1976) summarized southern New 
England temperature data from 1941 to 1972 and 
observed that the shelf-slope water boundary on the bot- 
tom, as indicated by the 10°C isotherm, was usually 
about 5-10 km south of the 100 m isobath in March and 
April and only a couple of kilometers north or south of 
this depth contour during October and November. He 
also observed that when the bottom position of the 10°C 
isotherm was farther offshore, the winter water tempera- 
ture minimum was low. Figure 2 shows that not only was 
the 10°C isotherm north of the 100 m contour during the 
spring warming trend of the 1970’s, but that the slope 
water was warmer than average in the last few years. 

The mechanisms which might account for frontal 
movements are not well understood, but wind stress 
transport is thought to be significant, although usually 
of brief duration (Crist and Chamberlin’). Size and fre- 
quency of Gulf Stream warm core eddies may also cause 
significant variation in the slope front position by causing a 
subsurface inshore flow of slope water as a compensation 
for offshore surface entrainment of shelf water (Morgan 
and Bishop 1977). 

In addition to water being carried onto the shelf from 
offshore, there is good evidence that some of the water 
flowing westward south of New England in the early 
spring originates in the Gulf of Maine-Georges Bank area 
(Bigelow 1933; Beardsley et al. 1976). Drifts from the 
east act as cooling agents and indrafts of slope water as 
warming agents, but solar warming of the water, first and 
most rapidly at the surface and next to land, is the out- 
standing feature in the spring (Bigelow 1933). During 
autumn, as surface cooling and mixing progresses and 
the summer thermocline is destroyed, bottom tempera- 
tures in the deeper strata increase to their seasonal max- 
ima. 

Another striking feature of the hydrography in this 
study area is the pool of cold bottom water that forms 
during winter mixing, becomes isolated by summer 
stratification, and persists for several months (Bigelow 
1933; Ketchum and Corwin 1964). This cold core may ex- 
tend from Cape Cod to the offing of Chesapeake Bay 
along the shelf edge and persist into September (Whit- 
comb 1970). Warming of these waters is associated with 
admixture of higher-salinity offshore waters or lower- 
salinity surface waters (Ketchum and Corwin 1964). Iso- 
lated cold cores of bottom water were clearly evident 
during the autumn cruises in both the Southern and 
Northern Bights (Fig. 3) and their extent and minimum 
temperatures are reflected in the observed temperature 
indices for each subarea. Especially notable is the mini- 
mum temperature observed in 1970 in the Southern 


“Crist, R. W., and J. L. Chamberlin. 1977. Temperature structure 
on the Continental Shelf and slope south of New England during 1976. 
Unpubl. manuscr., 27 p. Atlantic Environmental Group, National 
Marine Fisheries Service, NOAA, Narragansett, RI 02881. 
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Bight which was strongly influenced by a large cold pool 
with minimum temperatures of <6°C (Fig. 3g). The 
most pronounced effect of this cold pool in the Northern 
Bight occurred in 1967 when over half the subarea was 
covered by water <10°C with a relatively large inner core 
<8°C (Fig. 3d). During the warmest years (1972-74, 
1976) and cold pool is either poorly defined, of small size, 
or made up of water >8°C. 

Summarily, at least six phenomena directly or in- 
directly contribute to the bottom thermal environment of 
the continental shelf between Cape Cod and Cape Hat- 
teras: 1) location of the slope front; 2) temperature of the 
slope water; 3) water drift from the east; 4) timing and 
extent of spring warming and autumn cooling of surface 
water; 5) size and frequency of Gulf Stream warm core 
eddies; and 6) size and temperature of the winter-formed 
“cold pool.” To monitor and analyze these varied and 
complex phenomena presents a formidable task which 
cannot be accomplished solely on a basis of our survey 
cruises or data base. 


Relationship of Temperatures 
East and West of Cape Cod 


Although there is a rather abrupt general division be- 
tween the hydrographic properties of the waters east and 
west of Cape Cod (Bigelow 1933; Parr 1933) these two 
regions have exhibited similar trends of temperature 
variability in recent years. The spring warming trend in 
the Gulf of Maine and on Georges Bank (Davis 1978) is 
especially similar to conditions in the Middle Atlantic 
Bight since 1973. Temperature variability in the Gulf of 
Maine is less because of the greater depths encountered 
there, but in many instances, the magnitude of annual 
changes were quite comparable in the other three areas. 
Bottom-water temperatures are strongly affected by the 
position of the shelf-slope boundary and vernal warming 
of shoal inshore waters and the effects of these 
phenomena have coincided with similar annual temper- 
ature trends in both regions during several years. A very 
rough estimate of average annual bottom temperature 
conditions (average of adjusted spring and autumn in- 
dices) since 1968 is depicted in Figure 10, and except for 
a couple of anomalous years, similar temperature trends 
are shown for each area. 


Effects of Temperature Variations 


Attempts to show environmental effects on fish year- 
class fluctuations by correlation techniques have gen- 
erally failed because of difficulties of estimating both the 
year-class strength and the environmental factor (Gul- 
land 1965). There is also difficulty in comparing distri- 
butional changes as related to changes in environmental 
conditions because population size contributes to the dis- 
persive characteristics of many fishes, and there has been 
an apparent overexploitation of several fish stocks in the 
study area in recent years (Clark and Brown 1977). 
Despite these difficulties some evidence of natural bio- 
logical changes seems apparent during this recent warm- 
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Figure 10.—Adjusted annual mean bottom-water temperature 
indices in four areas of the western North Atlantic continental shelf, 
1968-76. Georges Bank and Gulf of Maine data are from Davis (1978). 


ing period. Evidence collected during many of the same 
research cruises on which temperature data were col- 
lected revealed shifts in location and catch of the follow- 
ing species: 1) bluefish, Pomatomus saltatrix; relatively 
large catches in the autumn shifted from southern New 
England to Georges Bank, an area of unknown occur- 
rence as reported by Bigelow and Schroeder (1953); 2) 
croaker, Micropogonias undulatus, occasional catches 
during warmer autumns but none during cold years off 
the North Carolina coasts; 3) mackerel, Scomber scom- 
brus; catches normally widespread at most depths, con- 
fined mostly seaward of the 100 m contour during the 
cold springs of 1968-69 and 1971; 4) smooth dogfish, 
Mustelus canis; larger, more frequent and northward 
catches to southern New Jersey in the spring since 1972; 
5) spiny dogfish, Squalus acanthias; a probable shift of 
part of the southern New England population onto 
Georges Bank during warm springs and catches de- 
creased south of Hudson Canyon during the colder 
autumns; 6) spotted hake, Urophycis regius; generally 
avoid the coastal cold cells and their autumn catches are 
associated with the size and distribution of these waters; 
7) fourspot flounder, Hippoglossina oblonga; during the 
coldest springs inshore catches small and irregular with 
concentrations synonymous with the 100 m contour; and 
8) northern sea robin, Prionotus carolinus; same distri- 
butional behavior and catch characteristics as H. 
oblonga. It is not implied that these examples of changes 
in distributions and/or catches are explicitly related to 
changes in water temperature, but that some relation- 
ships probably exist since most of the species are not 
commercially fished and their distributions were deter- 
mined on a basis of research ship surveys. 

It should be noted that although Colton (1972) 
observed no significant changes in the distribution of 
four species of groundfish from Nova Scotia to Long 
Island during a cooling period, there was an extension of 
the southern range of American plaice, Hippoglossoides 
platessoides, and a contraction of the northern range of 
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butterfish, Peprilus triacanthus. Also, Taylor et al. 
(1957) found evidence of northward shifts in the distri- 
bution and abundance of several marine animals during 
a warming period in the Gulf of Maine, but there was no 
obvious alteration of the general marine fauna. 


ACKNOWLEDGMENT 


I wish to thank the following personnel from the North- 
east Fisheries Center: John Lamont and Samuel Nicker- 
son for preparation of charts; Marvin Grosslein for help- 
ful suggestions with the text and data analyses; John 
Colton, Merton Ingham, and George Kelly for reviewing 
the manuscript; and the many anonymous biologists and 
technicians who collected the temperature data. 


LITERATURE CITED 


BEARDSLEY, R. C., W. C. BOICOURT, and D. V. HANSEN. 

1976. Physical oceanography of the Middle Atlantic Bight. In M. 
G. Gross (editor), Middle Atlantic Continental Shelf and the New 
York Bight, vol. 2, p. 20-34. Am. Soc. Limnol. Oceanogr., 
Lawrence, Kansas. 

BELTZ, J. R., J. E. JOHNSON, D. L. COHEN, and F. B. PRATT. 

1974. An annotated bibliography of the effects of temperature on 
fish with special reference to the freshwater and anadromous spe- 
cies of New England. Univ. Mass. Amherst, Agric. Exp. Stn., 
Res. Bull. 605, 97 p. 

BIGELOW, H. B. 

1933. Studies of the waters on the continental shelf, Cape Cod to 
Chesapeake Bay. I. The cycle of temperature. Mass. Inst. Tech- 
nol., Pap. Phys. Oceanogr. Meteorol. 2(4), 135 p. 

BIGELOW, H. B., and W. C. SCHROEDER. 

1953. Fishes of the Gulf of Maine. U.S. Fish Wildl. Serv., Fish. 
Bull. 53, 577 p. 

BIGELOW, H. B., and M. SEARS. 

1935. Studies of the waters on the continental shelf, Cape Cod to 
Chesapeake Bay. II. Salinity. Mass. Inst. Technol., Pap. Phys. 
Oceanogr. Meteorol. 4(1), 94 p. 

BOWMAN, M. J. 

1977. Hydrographic properties. MESA New York Bight Atlas 

Monogr. 1. New York Sea Grant Inst., Albany, 78 p. 
BRETT, J. R. 


1969. Temperature and fish. Chesapeake Sci. 10:275-276. 
CHASE, J. 
1972. Oceanographic observations along the east coast of the 


United States, January-December 1970. U.S. Coast Guard 
Oceanogr. Rep. 53, 145 p. 
CLARK, S. H., and B. E. BROWN. 

1977. Changes in biomass of finfishes and squids from the Gulf of 
Maine to Cape Hatteras, 1963-74, as determined from research 
vessel survey data. Fish. Bull., U.S. 75:1-21. 

COLTON, J. B., Jr. 

1968. Recent trends in subsurface temperatures in the Gulf of 
Maine and contiguous waters. J. Fish. Res. Board Can. 25:2427- 
2437. 

1972. Temperature trends and the distribution of groundfish in 
continental shelf waters, Nova Scotia to Long Island. Fish. Bull., 
U.S. 70:637-657. 

COLTON, J. B., Jr., and R. R. STODDARD. 

1973. Bottom-water temperatures on the continental shelf, Nova 
Scotia to New Jersey. U.S. Dep. Commer., NOAA Tech. Rep. 
NMFS CIRC-376, 55 p. 

DAVIS, C. W. 

1978. Seasonal bottom-water temperature trends in the Gulf of 
Maine and on Georges Bank, 1963-75. U.S. Dep. Commer., 
NOAA Tech. Rep. NMFS SSRF-725, 17 p. 

GROSSLEIN, M. D. 

1969. Groundfish survey program of BCF Woods Hole. 

Fish. Rev. 31(8-9):22-30. 


Commer. 


GULLAND, J. A. 

1965. Survival of the youngest stages of fish, and its relation to 
year-class strength. Jn ICNAF environmental symposium, p. 
363-371. Int. Comm. Northwest Atl. Fish., Spec. Publ. 6. 

INTERNATIONAL COMMISSION for the NORTHWEST ATLANTIC 
FISHERIES. 

1965. ICNAF environmental symposium, held in the headquarters 
of FAO, Rome, 1964. Int. Comm. Northwest Atl. Fish., Spec. 
Publ. 6, 914 p. 

KETCHUM, B. H., and N. CORWIN. 

1964. The persistence of ‘“‘winter’’ water on the continental shelf 

south of Long Island, New York. Limnol. Oceanogr. 9:467-475. 
MORGAN, C. W., and J. M. BISHOP. 

1977. An example of Gulf Stream eddy-induced water exchange in 

the mid-Atlantic Bight. J. Phys. Oceanogr. 7:472-479. 


13 


PARR, A. E. 

1933. A geographic-ecological analysis of the seasonal changes in 
temperature conditions in shallow water along the Atlantic coast 
of the United States. Bull. Bingham Oceanogr. Collect., Yale 
Univ. 4(3), 90 p. 

TAYLOR, C. C., H. B. BIGELOW, and H. W. GRAHAM. 

1957. Climatic trends and the distribution of marine animals in 

New England. U.S. Fish Wildl. Serv., Fish. Bull. 57:293-345. 
WHITCOMB, V. L. 

1970. Oceanography of the mid-Atlantic Bight in support of IC- 
NAF, September-December 1967. U.S. Coast Guard Oceanogr. 
Rep. 35, 157 p. 

WRIGHT, W. R. 

1976. The limits of shelf water south of Cape Cod, 1941 to 1972. J. 

Mar. Res. 34:1-14. 


NOAA TECHNICAL REPORTS 
NMFS CIRCULAR AND SPECIAL SCIENTIFIC REPORT—FISHERIES 
GUIDELINES FOR CONTRIBUTORS 


CONTENTS OF MANUSCRIPT 


First page. Give the title (as concise as possible) of the paper 
and the author’s name, and footnote the author’s affiliation, 
mailing address, and ZIP code. 


Contents. Contains the text headings and abbreviated figure 
legends and table headings. Dots should follow each entry and 
page numbers should be omitted. 


Abstract. Not to exceed one double-spaced page. Footnotes 
and literature citations do not belong in the abstract. 


Text. See also Form of the Manuscript below. Follow the U.S. 
Government Printing Office Style Manual, 1973 edition. Fish 
names, follow the American Fisheries Society Special Publica- 
tion No. 6, A List of Common and Scientific Names of Fishes 
from the United States and Canada, third edition, 1970. Use 
short, brief, informative headings in place of ‘Materials and 
Methods.” 


Text footnotes. Type on a separate sheet from the text. For 
unpublished or some processed material, give author, year, title 
of manuscript, number of pages, and where it is filed—agency 
and its location. 


Personal communications. Cite name in text and footnote. 
Cite in footnote: John J. Jones, Fishery Biologist, Scripps Insti- 
tution of Oceanography, La Jolla, CA 92037, pers. commun. 21 
May 1977. 


Figures. Should be self-explanatory, not requiring reference 
to the text. All figures should be cited consecutively in the text 
and their placement indicated in the left-hand margin of the 
manuscript. Photographs and line drawings should be of 
“professional” quality—clear and balanced, and can be re- 
duced to 6'/2 inches (40 picas) for page width or to 3!/s inches (19 
picas) for single-column width, but no more than 9 inches (54 
picas) high. Photos should be printed on glossy paper—sharply 
focussed, good contrast. Label each figure. List, and typed dou- 
ble spaced, each figure legend. DO NOT SEND origina! figures 
to the Scientific Editor; NMFS Scientific Publications Office 
will request these if they are needed. 


Tables. Each table should start on a separate page and should 
be self-explanatory, not requiring reference to the text. 
Headings should be short but amply descriptive. Use only 
horizontal rules. Number table footnotes consecutively across 
the page from left to right in Arabic numerals; and to avoid con- 
fusion with powers, place them to the left of the numerals. If the 
original tables are typed in our format and are clean and leg- 
ible, these tables will be reproduced as they are. In the text all 
tables should be cited consecutively and their placement indi- 
cated in the left-hand margin of the manuscript. 


Acknowledgments. Place at the end of text. Give credit only 
to those who gave exceptional contributions and not to those 
whose contributions are part of their normal duties. 


Literature cited. In text as: Smith and Jones (1977) or (Smith 
and Jones 1977); if more than one author, list according to years 
(e.g., Smith 1936; Jones et al. 1975; Doe 1977). All papers re- 

ferred to in the text should be listed alphabetically by the senior 
author’s surname under the heading “Literature Cited”; only 
the author’s surname and initials are required in the author line. 

The author is responsible for the accuracy of the literature cita- 
tions. Abbreviations of names of periodicals and serials should 
conform to Biological Abstracts List of Serials with Title A bbre- 
viations. Format, see recent SSRF or Circular. 


Abbreviations and symbols. Common ones, such as mm, m, 
g, ml, mg, °C (for Celsius), %, “/., etc., should be used. Abbrevi- 
ate units of measures only when used with numerals;-periods are 
rarely used in these abbreviations. But periods are used in et al., 
vs., e.g., 1.e., Wash. (WA is used only with ZIP code), etc. 
Abbreviations are acceptable in tables and figures where there is 
lack of space. 


Measurements. Should be given in metric units. Other 
equivalent units may be given in parentheses. 


FORM OF THE MANUSCRIPT 


Original of the manuscript should be typed double-spaced on 
white bond paper. Triple space above headings. Send good 
duplicated copies of manuscript rather than carbon copies. The 
sequence of the material should be: 


FIRST PAGE 

CONTENTS 

ABSTRACT 

TEXT 

LITERATURE CITED 

TEXT FOOTNOTES 

APPENDIX 

TABLES (each table should be numbered with an Arabic 
numeral and heading provided) 

LIST OF FIGURE LEGENDS (Entire figure legends, includ- 
ing ‘‘Figure” before each number) 

FIGURES 


ADDITIONAL INFORMATION 


Send ribbon copy and two duplicated copies of the manuscript 
to: 


Dr. Jay C. Quast, Scientific Editor 
Northwest and Alaska Fisheries Center 
Auke Bay Laboratory 

National Marine Fisheries Service, NOAA 
P.O. Box 155 

Auke Bay, AK 99821 


Copies. Fifty copies will be supplied to the senior author and 
100 to his organization free of charge. 


UNITED STATES 
DEPARTMENT OF COMMERCE 


NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 
NATIONAL MARINE FISHERIES SERVICE 
SCIENTIFIC PUBLICATIONS STAFF 
ROOM 450 
1107 N.E. 45TH ST 
SEATTLE, WA 98105 


OFFICIAL BUSINESS 


NOAA SCIENTIFIC AND TECHNICAL PUBLICATIONS 


NOAA, the National Oceanic and Atmospheric Administration, was established as part of the Department of 
Commerce on October 3, 1970. The mission responsibilities of NOAA are to monitor and predict the state of the 
solid Earth, the oceans and their living resources, the atmosphere, and the space environment of the Earth, and to 
assess the socioeconomic impact of natural and technological changes in the environment. 


The six Major Line Components of NOAA regularly produce various types of scientific and technical infor- 


mation in the following kinds of publications: 


PROFESSIONAL PAPERS—Important definitive 
research results, major techniques, and special in- 
vestigations. 

TECHNICAL REPORTS—Journal quality with 
extensive details, mathematical developments, or 
data listings. 

TECHNICAL MEMORANDUMS—Reports of 
preliminary, partial, or negative research or tech- 
nology results, interim instructions, and the like. 
CONTRACT AND GRANT REPORTS—Reports 
prepared by contractors or grantees under NOAA 
sponsorship. 


TECHNICAL SERVICE PUBLICATIONS— 
These are publications containing data, observations, 
instructions, etc. A partial listing: Data serials; Pre- 
diction and outlook periodicals; Technical manuals, 
training papers, planning reports, and information 
serials: and Miscellaneous technical publications. 


ATLAS—Analysed data generally presented in the 
form of maps showing distribution of rainfall, 
chemical and physical conditions of oceans and at- 
mosphere, distribution of fishes and marine mam- 
mals, ionospheric conditions, etc. 


Information on availability of NOAA publications can be obtained from: 


ENVIRONMENTAL SCIENCE INFORMATION CENTER 
ENVIRONMENTAL DATA AND INFORMATION SERVICE 
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 
U.S. DEPARTMENT OF COMMERCE 


6009 Executive Boulevard 
Rockville, MD 20852 


‘f 
rt 


’ 


tes 
“iL 


Weds 


Kio ut 
et ereey 


sana ree 
Asis eekt ane 


‘a 


3 Reha ‘ 


Conte s 
pre ry Ta ele OS 
at a ch vee Aa t= 


Watt oe ee 
4 


cA 
Pep 


By 


ee he 
eetdda ee 
ah 


Milan caf eta dance 
Pal ee taearta 
sides ately 
fie eal st beecest 

Se a tei 


es 
peer 


eer 
eRe ee eg 
eet 

ae 


aah 8 
Seber LION 
Reare 


iS Fed 2, 
OTe Fiat 


4 
eer) 
ete sre bead 


rere 
oo 


rae ee a eita tng dt 
LT ane eee EIS Hos 


a) 


LE SOE aa si 
ab ae pl nee 


See aaee 


Siena ee 
ai a of Bay aah at ne ah 
ie a a ether 


aroha be 
Se eh dips ee ts Ss 
Le ire ta nD 
Pe eae 


Erg entities 
A he ois 


SSAA AFA . 


OURS 
SAAASS A 


Stas 
oN re 
Se Ses 
Sieh toh Gee a 

SSey ty: 


SS 
Siok etek 
tints SN he eth tad 
SE SY TALES SHEE 
Rabon at 

aie tke 


Ss eee See 

Waheed Lee A 

VEEN esas Eee eee 

$9 ae LN ee EY BET eS SS 
ptiketns 

AAS 

Sak sth bie) 


See 
Sa 


ae eh 
See SES CESS: 
Se Cee 
ee ee 2 PUREE US 
SSAA ees 
Sit a A) 
SS } 
Sr ee hens hase aa 
Sao. ek 

SNS 


anh 
Vs 
nae 


Se etn 
Se eeeeere te 
Coase or ss 
ae A ‘ . . . tenes. ‘ 
noe See ae . : . : 
SS EEE SR Re is i ‘ satiate 
oe eee Sse ees tre Jo arite ates 
SNe Soca . . wes ‘ 
SERS Sarah tat hs We Aree eet eek A ‘ aS : ; 
Sh Lt ACN ee mer . ve mies . 
Sa hey La Neath mas . ; ' : 
Ae Roe Ee. HY Veh ne cate! : : 


